Monthly, zonally averaged limb infrared monitor of the _stratosphere data from the Nimbus 7 satellite are used with an essentially algebraic photochemical equilibrium model presented in part 1 of this series (Kaye and Jackman, this issue) to infer concentrations and uncertainties of the odd hydrogen species OH, HOe, H20 2, and HO2NO 2 as a function of altitude, latitude, and season. The inferred concentrations for OH and H20 2 are found to be reasonably consistent with some but not all previous observations; most of the inferred HO e concentrations are below those which have been observed. Concentrations of all inferred species at mid-latitudes are expected to maximize in the summer. Uncertainties u i are found to be largest in the lower stratosphere for all species and to decrease approximately in the order UH2o2 > UHO2NO: > UHO: > UOH over most of the stratosphere. In the tropics and at midlatitudes the variation of the uncertainties with latitude and season is substantially smaller than the inferred variation of the concentrations.
data are used without correction, unphysically large or negative OH concentrations were obtained above 5 mbar. They then showed an alternative way for inferring stratospheric OH from LIMS data using a method in which photochemical equlibrium for total odd hydrogen (=OH + In this work, we extend our previous work (KJ) to calculate monthly zonal averages of concentrations and uncertainties for the HO,, species OH, HOe, HeO2, and HOeNOe. OH and HOe are important because they are the major odd hydrogen free radical species in the upper and lower stratosphere, respectively. They play a crucial role in the partitioning of NO,, and C10,, species among their various members and are thus of great interest [see WMO, 1982] .
HeOe is a potentially important odd hydrogen reservoir species, although published observations indicate that it is present in amounts not much more than (and possibly considerably less than) 1 ppbv Chance and Traub, 1984] . It is expected to have a great deal of variability IConnell et al., 1985] , so knowledge of a monthly zonal average could be important in comparing observations and models. It has been suggested [Derwent and Eggleton, 1981] that its measurement, combined with other species, could lead to the ability to discriminate among various one-dimensional models.
HOeNO e is now thought to be an important species in controlling odd hydrogen concentrations in the lower stratosphere [WMO, 1982] , but the only measurement reported [NASA, 1979] is one of Murcray and coworkers, who estimate an upper limit of 0.4 ppbv. Thus knowledge of monthly zonal averages may be of use in planning future measurements.
We compare our inferred concentrations to twodimensional stratospheric models and, where available, remote and in situ observations. We consider especially the magnitude of the inferred monthly variability in concentration as a function of latitude and altitude. We also examine the monthly variability in the total uncertainties, as well as the relative magnitude of the monthly variability and the total uncertainty. The outline of this paper is as follows. In section 2 we briefly review the method of inferring the concentrations and uncertainties of the species under study. In section 3 we present our results, mainly in the form of figures. In section 4 we discuss the results, including a comparison with model and observational results. Finally, in section 5 we summarize the results obtained and restate the conclusions of this study.
METHOD AND CALCULATIONS
The algebraic model used and the model input parameters have been discussed extensively in our previous paper (KJ), so we will only briefly summarize them here. Daytime trace species concentrations are inferred from the daytime LIMS measurements of 0 3 
The terms in (1) are given in equation ( OH q-HO2NO2-• H20 q-NO2 q-02
For reactions involving CH20, which will not be explicitly considered here, the reader is referred to our earlier paper photolysis rate Butler, 1978 Butler, , 1979 Stolarski, 1980] . Photolysis rates were calculated using the radiation package of the Goddard two-dimensional model [Guthrie et al., 1984a] modified to include the effects of multiple scattering [Jackman et al., 1985a , b] assuming a local time of noon. Since the LIMS satellite did not obtain data at precisely noon local time (deviations are of the order of 1 hour in the tropics and midlatitudes and become larger near the limits of the data field at 64øS and 84øN), one should treat the results closest to the poles with some care. At these latitudes the photochemical (KJ). As discussed in the earlier work, the coupled photo-, equilibrium approximation will begin to break down for many chemical equations may not be solved analytically, but are, '• species, altitudes, and seasons, and it was thus felt that many instead, iterated to achieve a solution.
One major assumption in our photochemical model is the neglect of odd chlorine (CI,,)species. The reason for and validity of this neglect has been discussed in great detail in our previous paper (KJ), and we only briefly summarize here our reasons for expecting this assumption to be valid. CI,, is only expected to have an effect on the patitioning of odd hydrogen compounds (especially, OH and HO2) and not on the total amount of odd hydrogen. This occurs because the odd hydrogen production reactions ( 
where IMp] is the inferred concentration of species i and P• is some model input parameter (concentration, reaction rate,
RESULTS
The results of this study consist of concentrations and uncertainties of OH, HO2, H202, and HO2NO 2 as a function of latitude and altitude for each of the seven months (NovemberMay) for which LIMS data are available. With the twodimensional grid we used, this corresponds to some 7500 different concentrations and an equal number of uncertainties. Sensitivity coefficients of the output species with respect to all the model input parameters were also calculated, which would lead to a factor of 10 more data. Because of this large amount of data we will consider here only a limited subset of the concentration and uncertainty data and will consider the sensitivity coefficients only briefly in the discussion section. We will focus our attention on the magnitude of the various quantities and their variation with latitude, altitude, and season, paying special attention to the 35øN latitude region, as that is close to the latitude of Palestine, Texas, the site of many balloon launches and a representative mid-latitude area. We will also consider one representative tropical latitude (5øN) and Figure 10 is for January, we plot the inferred monthly averaged value for that month).
observation of H202 plotted in
There is appreciable scatter in the OH measurements, as may be seen from the data points plotted in Figure 8 . Some of the scatter could be due to differences in [ As indicated earlier, the only published observation of HO2NO2 is an upper limit of 0.4 ppbv by Murcray and coworkers reported by NASA [1979] . While some of our inferred concentrations are greater than this, they are at altitudes considerably below the 40 km altitude at which the infrared spectrum used to obtain this upper limit was taken. Their technique did observe lower levels, however, but the difficulties expected in the observations should not necessarily cause one to reject our higher values as being incompatible with the cited upper limit.
Comparison With Photochemical Models
There are several two-dimensional models with which results might be compared. where NO is proportional to NO 2 for a given NO: con-centration. Thus HO2NO 2 formation becomes the product of a term inversely proportional to NO 2 and of NO 2 itself, so that it becomes essentially NO 2 independent. In the lower stratosphere, then, the large uncertainty in NO 2 becomes unimportant. As one goes to higher altitudes and O + HO 2 ---} OH + 02 becomes an important loss process for HO2, the dependence of [HO2] on [NO2] becomes less than an inverse one, and the uncertainty in NO 2 begins to contribute to the HO2NO 2 uncertainty. Thus, in the mid-stratosphere,
One of the more interesting results to come from this study is the fact that the calculated uncertainties have considerably less variation with latitude and, to a lesser extent, season than do the concentrations. This may be seen very clearly for latitudinal variation in Figure 4 , where in the tropics and midlatitudes there is little if any latitude dependence for uncertainties, while there is substantial dependence for concentrations. Latitude dependence becomes important only as one gets close to the poles, especially the winter pole. Thus for mid-latitudes one may assume latitude and season independent uncertainties away from the winter pole without appreciable error. Close to the terminator, where uncertainties become large, the photochemical equilibrium approximation used becomes less appropriate, and the results are expected to be at best qualitatively correct, anyhow.
Uncertainties are derived from two types of quantities: sensitivity coefficients calculated with the algebraic photochemical equilibrium model and model input parameter uncertainties supplied with the input data. Since the latter are just a set of constants (we assume the uncertainty in the input concentrations to vary only with altitude and not with latitude or season), the relative constancy of the uncertainties reflects relative constancy of the sensitivity coefficients. Thus tables of sensitivity coefficients, such as those shown in our previous work (KJ), should not change appreciably over the year. This will simplify the use of sensitivity coefficients to study short-term and local variability of inferred species concentrations, as one essentially needs to consider only the variability of the model input; a table of sensitivity coefficients which vary only with altitude may be used for all mid-latitude locations over all seasons.
CONCLUSIONS
We have shown that zonally and monthly averaged LIMS data and our algebraic photochemical equilibrium model described previously ( The algebraic nature of the model allows one to easily see to first order the effect of variation of any model input parameter (concentration, rate coefficient, uncertainty) or its uncertainty on the inferred concentration of the HO,, species and their uncertainties. Such relationships may prove useful in the planning of future field and laboratory measurements. The sensitivity coefficients, as described earlier, not only are helpful in intuitively understanding the chemistry of the stratosphere but should prove to be very useful in studying the short-term and local variability of inferred species concentrations.
